INTRODUCTION
are an important horticultural crop worldwide. Strawberry cultivation has a long history also in countries with a temperate climate, including Latvia (Laugale, 2000) . There are about 700 invertebrate species recorded on strawberries, many of which are phytophagous (Tuovinen and Tolonen, 2002) and may become serious pests in suitable conditions. Two-spotted spider mite Tetranychus urticae is the most polyphagous of the spider mite species and the most economically important arthropod pest in commercial strawberry plantations . Chemical control of this mite can be difficult due to the plant density and resistance to acaricides (Decou, 1994; Razdoburdin, 2006) . Being eurybiotic, T. urticae can develop under a wide range of temperature and air humidity conditions. Developmental time from the egg to adult occurs between 12 and 40°C, takes from 7 to 25 days, and decreases with temperature rising over 40°C (Zhang, 2003; Romeih et al., 2013) . Development of one generation can take less than a week at optimal temperatures (30 to 32°C). A shorter total developmental time together with a higher fecundity and average egg production per day has been observed for T. urticae, in comparison to other spider mites (Saito, 1979) .
Strawberries are often cultivated in protected cultures using high polythene tunnels, especially in temperate climate conditions. In general, strawberry cultivation in high tunnel system provides several benefits in regard to extension of growth season and for control of several diseases (Hancook and Simpson, 1995; Xiao et al., 2001) . Tunnel conditions can have lower daily average humidity by approximately 5 to 10% (Xiao et al., 2001) . As a consequence, warm and dry air within the tunnels can promote a rapid increase in T. urticae populations (Pottorff and Panter, 2009) . While the seasonal pattern of abundance of T. urticae on strawberries in field conditions has been thoroughly established (GarciaMari and Gonzalez-Zamora, 1999) , this type of information is scarce for high tunnel systems in temperate climatic conditions.
Strawberry resistance to two-spotted spider mite is genetically determined, as various cultivars exhibit different degrees of infestation, both in controlled and field conditions (Shanks et al., 1995; . More resistant strawberry varieties have been shown to contain higher inducible activity of oxidative enzymes (Steinite and Ievinsh, 2002) , possibly located in glandular trichomes of leaves (Steinite and Ievinsh, 2003) .
PROCEEDINGS OF THE LATVIAN ACADEMY OF SCIENCES. Section B, Vol. 69 (2015) The aim of the present study was to describe the seasonal pattern of T. urticae on various strawberry cultivars cultivated in high tunnels in temperate climatic conditions, and to determine if modification of plant covering indices can affect abundance and incidence of those mites. Experimental setup. Strawberries were planted in three double-rows, 60 plants per plot, with three replications in each tunnel for every variety. No acaricide, insecticide or fungicide treatment was used. Glyphosate was used for weed suppression in the spaces among the strawberry rows. During periods of high temperature, tunnels were ventilated by opening both ends of tunnel and lifting up a side polythene for about 1 m.
MATERIALS AND METHODS

Location
Two types of tunnels were used in the experiment, both of them were covered with polythene (Folien-Vertriebs GmbH, Germany) on April 17, which was removed on July 25 after foliage mowing. Additional plant cover used was perforated polythene and agrocover in tunnel 1 and perforated polythene only in the tunnel 2. The cover was applied directly on plants from April 26 till May 10.
Complete foliage mowing was performed after the last harvest on July 16 following the common practice for high tunnel cultivation of strawberries.
Microclimatic data were obtained from Temperature and Humidity USB Dataloggers (LOG32, Fisher Scientific) placed in the middle of each tunnel. Minimal, maximal and average air temperature and humidity were measured with an interval of 10 min and the daily average was calculated.
Sampling. Sampling of strawberry leaves was performed in three replicates (five leaves per replicate) for each variety in each tunnel. One sample consisted of one mature lowermost leaf with no signs of chlorosis. Sampling was performed fortnightly from May 7 until July 16. After foliage mowing, the next sampling was made on August 13, followed by sampling biweekly till September 24.
Collected samples were brought to the laboratory in plastic bags, where counting of all individuals of two-spotted spider mites was performed under a reflecting light microscope Olympus SZX7. Mite abundance was estimated as the average number of individuals per leaf, and mite incidence as percentage of invaded plants.
Statistical analysis. Statistical analysis was performed using the software package R 3.0.2. (Anonymous, 2013) . The potential influence of the factors (strawberry varieties and tunnels) on the number of mites on strawberries was evaluated using Linear mixed-effects (lme) model fitted with the REML method as implemented in the package nlme of programme R (Pinheiro et al., 2013) . Sample number was used as a random effect. If statistically significant influence of a factor was found in the model, simultaneous tests for general linear hypothesis (post-hoc test) of the package multcomp in the programme R were used to determine which combinations differed (Hothorn et al., 2008) . Significant differences between varieties and tunnels were evaluated using the Tukey-Kramer test. Statistical analysis was made at significance level a = 0.05.
RESULTS
The number of mites was relatively low at the beginning of the vegetation season and started to increase when average air temperature rose above 20 to 25°C (Figs. 1, 2) . Mite abundance followed a clear trend in tunnel 1 conditions, increasing towards the yield period when the maximal levels were reached for all strawberry varieties. There were no significant differences between strawberry varieties in tunnel 1 in respect to mite abundance, except that on variety 'Darselect' mite abundance tended to increase earlier. In contrast, changes in abundance of mites were variety-specific in tunnel 2 conditions (Fig. 2B) . At the beginning of the season, variety 'Darselect' showed significantly faster rise in mite abundance reaching maximal level at June 4, while development of mite population on other varieties was more steady. Decrease in mite abundance was already evident on June 18 for varieties 'Darselect' and 'Sonata'. However, the changes for cultivar 'Sonata' were not statistically significant. The trend for cultivars 'Honeoye' and 'Rumba' was similar to that in tunnel 1 conditions. In general, mite development was prolonged in tunnel 1 in comparison to tunnel 2.
The most differing collecting dates were May 7 and July 2 (Fig. 2) . The variation among collecting dates was determined mainly by the variation of microclimatic parameters. Low air temperature limited development of two-spotted spider mites in early spring and late autumn (Fig. 1) . Rapid growth of T. urticae populations was observed when the minimal air temperature was above 10°C.
The maximal level of mite abundance did not significantly vary between varieties in tunnel 1, but was significantly lower for variety 'Sonata' in tunnel 2 conditions (Fig. 2) . Mite numbers significantly declined for all tested varieties after foliage mowing on July 16. After polythene cover removal environmental conditions were similar to these in the field: air temperatures were significantly lower than in tunnel conditions. This factor and also direct rainfall had a major effect on the development of T. urticae populations. Low level of infestation (less than five individuals per leaf) was reached for all varieties on August 27 in tunnel 1 conditions and on September 11 in tunnel 2 conditions (Fig. 2) .
Development of two-spotted spider mite population on strawberry varieties 'Darselect' and 'Sonata' strongly differed (p = 0.006) when both tunnels were considered together. The highest average number of 50 individuals per leaf per sampling time was recorded on variety 'Darselect' on June 4. The average number of T. urticae per season was the highest on variety 'Darselect' (27 individuals per leaf), and the lowest on variety 'Sonata' (15 individuals per leaf).
Mite incidence in both tunnels reached 100% on June 4 for varieties 'Sonata', 'Honeoye' and 'Rumba' (Fig. 3) . However, the same value for variety 'Darselect' was reached already on May 21. Other differences in mite incidence were not statistically significant.
DISCUSSION
There is a valid concern that specific conditions during high tunnel cultivation of strawberries can result in high increase in the level of infestation with pests, including by leafdamaging two-spotted spider mite. It has been shown both in laboratory and field studies that T. urticae require at least 18°C temperature with a relatively low air moisture for intensive reproduction (White and Liburd, 2005) . Under dry environmental conditions two-spotted spider mites lay more eggs and live longer than do mites in near-saturated atmosphere (Boudreaux, 1958) .
The number of mites per leaf (leaflet) of strawberries is often used as an indicator of potential leaf damage and, as a consequence, decrease of fruit yield (Sances et al., 1982) . Strawberry yield has been shown to be reduced by a level of infestation reaching 50 to 100 mites per leaflet (Wyman et al., 1979; Oatman et al., 1981) . However, early in the season mite number is lower, with 20 to 30 mites per leaflet considered damaging (Raworth, 1986) . In the present study, the maximal average level recorded was 60 and 67 mites per leaf in tunnel 1 and 2, respectively. Given the fact that early-season plant damage has the worst effect on strawberry yield due to less developed canopy (Sances et al., 1982) , variety 'Darselect' was potentially most endangered in tunnel 2 conditions (Fig. 1B) . In contrast, variety 'Sonata' was the least invaded in tunnel 2. Incidence of T. urticae was also higher in variety 'Darselect', especially, in tunnel 2 conditions, where it significantly differed from that on other varieties at the beginning of the vegetation season (Fig. 2) .
After foliage mowing and polythene cover removal in the second part of July, the number of two-spotted spider mites decreased and never again reached previous levels (Fig. 2) . Minimal level was reached at the end of September when the minimal air temperature was about 5°C. Removal of strawberry foliage as well as both low air temperature and rainfall could have direct mechanical and physiological effect on the number of T. urticae during this period, or there may have been an indirect effect of the tough quality of the host plant (Margolies and Wrensch, 1996; Kumral and Kovanci, 2005; Knapp, 2006) .
It is evident that differences in cover between the tunnels might be responsible for the observed variation in mite abundance during the vegetation season. The use of double cover (perforated polythene plus agrocover) in tunnel 1 resulted in higher average temperatures early in the season in comparison to single perforated polythene in tunnel 2 (Fig.  1) . The infestation level in tunnel 2 for two varieties ('Sonata' and 'Darselect') was significantly lower in the middle of the season (Fig. 2) . Consequently, increase in early season temperature may increase mite abundance and have a more negative effect on strawberry plants in respect to foliage damage by mites, which is in line with other studies showing the stimulating effect of increased temperature on mite development (White and Liburd, 2005; Khan, 2011) . 
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